Rapid, early-life developmental changes in physiology, metabolism, anatomy, and behavior can significantly alter exposure and risk to environmental hazards during childhood. It has long been noted that infants and children breathe, eat, and drink proportionally more than adults, resulting in a pollutant load that is concentrated in much smaller and rapidly developing organ systems, including the nervous, respiratory, metabolic, and immune systems. Comparing children and adults on a body-weight basis, however, is a gross simplification-after all, infants are not small adolescents. Thus, a life-stage approach that incorporates agerelated differences in exposure, dose, and how the body handles chemicals is crucial to assessing risk. Water ingestion (see figure) provides a good illustration. Intake on a body-weight basis is very high during infancy but decreases dramatically during the first few years of life. A goal of improving consistency and accuracy in exposure assessment led the US Environmental Protection Agency to develop childhood age grouping guidance (EPA, 2005) for post-birth life stages, as well as accompanying data on exposure factors to support implementation of a standard set of childhood age groups. These age groupings are shown in the figure. 
BACKGROUND
Almost 500 years ago, Paracelsus (1493-1541) wrote "Dosis facit venenum," or "the dose makes the poison." This relationship between dose and response (effect) is still one of the most fundamental concepts of toxicology-but is it accurate and does it tell the whole story? When it comes to understanding children's environmental health, the answer is no! For developmental toxicants, the same dose that may pose little or no risk to an adult can have drastic effects in a developing fetus or a young child. For example, outbreaks of methylmercury poisonings in which mothers with no adverse symptoms gave birth to infants with severe nervous system damage made it clear that the developing nervous system of the fetus is significantly more vulnerable to methylmercury than is the adult nervous system. Similarly, exposure to secondhand tobacco smoke has been found to increase an infant's risk of succumbing to sudden infant death syndrome. Thus, it is often critical to consider life stage in risk assessment. The term "life stage" refers to a distinguishable time frame in an individual's life that is characterized by unique and relatively stable behavioral and/or physiological characteristics that are associated with development and growth.
In addition to changes in toxicological sensitivity during development, there are important differences in exposure that occur from birth through adulthood (Firestone et al., 2007) . For example, consumption of apple products by children less than 1 year old is about 19 g/kg-day, whereas consumption by adults 20 years and older is approximately 2 g/kg-day, a difference in almost an order of magnitude. Young children play close to the ground and come into contact with contaminated soil outdoors and contaminated dust on surfaces and carpets indoors. They also display considerably more hand-and object-to-mouth activity than adults do. And exposure to chemicals in breast milk impacts only infants and very young children, yet exposure through this pathway may be among the most significant since many persistent hydrophobic pollutants, such as dioxin and polychlorinated biphenyls, are biomagnified through the mother.
IMPACT AND IMPLICATIONS FOR EXPOSURE SCIENCE
In recognition of the rapid changes that occur in childhood related to physiology, metabolism, anatomy, and behavior and that can impact exposure to and risk from environmental hazards, the US Environmental Protection Agency (EPA) began to
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view childhood as a sequence of life stages, rather than children as a single subpopulation (EPA, 2005a) . Although life-stage differences in toxicity and exposure have led many to conclude that children are not merely small adults, it is clear that this simplification is inadequate to describe how rapid behavioral and physiological changes early in life can have a profound impact on risk and health outcomes-both those that occur during childhood and those that may be manifested much later, in adulthood (Barker, 2007) .
Historically, one of the great difficulties in consistently factoring in life-stage differences in exposure and toxicity has been the lack of a standard set of childhood age groups or a common convention for defining age groups. Prior to 2005, each program within the EPA had its own-and often unique-definition of childhood age groups (EPA, 2005b) . In 2005, the landscape changed when the agency published a recommended set of standard post-birth childhood age groups for use when assessing or monitoring exposure (EPA, 2005b):
• Less than 12 months old: birth to <1 month, 1 to <3 months, 3 to <6 months, and 6 to <12 months • 12 months and older: 1 to <2 years, 2 to <3 years, 3 to <6 years, 6 to <11 years, 11 to <16 years, and 16 to <21 years Also adopted was a standard age-group notation "X to <Y"; for example, the age group "3 to <6 years" is meant to span a 3-year time interval from a child's third birthday until the day before his or her sixth birthday.
Matching information regarding age-dependent exposure, physiological, and behavioral factors is contained in the Child-Specific Exposure Factors Handbook (EPA, 2008) .
Use of this standard set of childhood age groups allows for a major computational shift in how risk assessment is conducted. The importance of considering early-life differences in exposure and risk was clearly demonstrated in the EPA's "Drinking Water: Perchlorate Supplemental Request for Comments" (Federal Register, 2009) . The document provides alternative health reference levels (an exposure level below which no significant noncancer risk is expected) for various life stages. The EPA found that young infants were at greatest risk when their relative exposure was considered, with health reference levels an order of magnitude lower than those based on the assessment methods for adults.
In its Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to Carcinogens (EPA, 2005c) , the EPA developed a second, complementary set of childhood age groups based on toxicological sensitivity to carcinogens acting through a mutagenic mode of action. When chemical-specific dose-response data are not available, the guidance recommends the use of life-stagebased adjustments to carcinogenic potency values (i.e., the potential to induce cancer) for the following age groups (note that, because of limited data, the EPA was forced to consolidate the more expanded set of age groups used when assessing childhood exposures):
• 0 to <2 years: 10-fold increase in the potency calculated to cause cancer in adults • 2 to <16 years: 3-fold increase • 16 and older: no adjustment Although there is no single "correct" set of age groups, adopting a common convention for defining age groups will enable scientists to better understand differences in exposure and risk across life stages and the factors that may account for such differences, such as nutritional status, prevalence of certain diseases, ethnic/cultural norms regarding activity or behavior patterns, population genetic characteristics, meteorological conditions, geography, and social stress. There are other life stages beyond those of childhood that may be important to consider when assessing human exposure and risk, including pregnancy, nursing, and old age.
In conclusion, perhaps Paracelsus should have stated his maxim as "Dosis quod timidus patefacio facit venenum, " or "The dose and its timing make the poison. "
